Abstract
Introduction
New food product development should focus on retaining as much of the naturally occurring vitamin content as possible, on increasing the availability of vitamins, and on reducing the appearance of undesirable breakdown products. Factors that play a role in the degradation of vitamins during food processing include temperature, air, light, moisture content, water activity, pH and enzymes related to the food spoilage [1] . Air-drying reduces the moisture content of the product decreasing the effect of one of the primary factors, the water activity, that determines the rate of vitamin deterioration by several biochemical reactions [1] . However, air-drying may increase vitamin loss by increasing the food exposition to high temperature for a long period of time.
Pulsed ultraviolet (UV) light processing of foods is a nonthermal technology used to enhance the quality and safety of foods. Its uses range from sanitization of foods (primary use) to extension of shelf life of fruits and vegetables, and enhancement of phytochemical content in fruits [2, 3] . UV treatment is currently in use by the industry especially in sanitization of fruit and vegetables. Several studies reported that UV light also contributed towards the enhancement of the nutritional quality of food products, enhancing vitamin content, total carotenoids content, antioxidant capacity and other phytochemical properties [3] [4] [5] .
Despite the importance of quality parameters in dried foods, most published studies are limited to determining the drying rate and some diffusional aspects and only few studies have focused on evaluating the changes on product quality after drying. In this work, pulsed UV light was applied as a pretreatment prior to air-drying for the drying of mangoes. The influence of the pretreatment and the drying process on vitamins B1, B3, B5, B6 and C, total carotenoids as well as its influence on the effective water diffusivity were evaluated.
Materials and Methods

Preparation of samples
Mangoes (Mangifera indica L. var. Tommy Athikins) were bought from the local market (Fortaleza, Brazil). Only fruits with same maturity stage were used. Cubic samples (side 10 mm) were obtained using a household tool from the mango flesh. The moisture content was determined by oven drying at 110 o C until constant weight (24h).
Pulsed UV light pre-treatment
The pre-treatment was carried out in a pulsed UV light equipment (SteriBeam model Xe Matric A, Germany) equipped with a xenon flash lamp (19 cm). The samples (12 g ± 1 g) were placed inside the treatment chamber of the equipment (20 cm wide × 14 cm deep × 12 cm high) and subjected to UV light pulses. The samples were subjected to 10, 20, 30, 40 and 50 pulses of UV light. Each pulse corresponded to a fluence (energetic density) of 0.36 J/cm 2 and were delivered in 250 µs. All experiments were carried out in triplicate.
Air drying
Drying kinetics were carried out in a conventional convective oven-drier. Air-drying experiments with mango samples were carried out at 0.5 m/s (air velocity) and 60 °C (temperature). The drying experiments were conducted in triplicates and completed when the samples lost 90% of the initial weight. For each experiment, 25 ± 1 g cubes of mangoes were distributed over a custom sample holder inside the drying chamber.
The air-drying kinetics of mangoes was modeled assuming diffusion-controlled mass transfer. Only the falling-rate period (diffusion-controlled mass transfer period) was considered because the constant-rate period (heat transfer-controlled mass transfer period) was not observed. The model considered the solution of Fick's second law for cubic shaped samples (Equation 1) [6] .
(1)
Determination of vitamins
To determine the vitamins of the B complex, 1 g of fruit was homogenized with 6 mL of distilled water for 2 min using a cell homogenizer (Ultraturrax IKA model T25). The vitamins were extracted by adding sulfuric acid 0.25 M (1 mL) to the sample, which was heated for 30 min in a water bath (70 o C). After cooling in an ice bath, the pH was adjusted to 4.5 using a 0.5 M sodium hydroxide solution. The sample was centrifuged at 8400× g for 10 min. The supernatant was collected and analyzed spectrophotometrically at 215 (Vitamin B5), 254 (Vitamin B1), 265 (Vitamin B3) and 716 (Vitamin B6) nm using water as blank. All analyses were carried out in triplicate and results were expressed as the vitamin gain/loss using the fresh fruit as reference.
Determination of total carotenoid content
The carotenoids were extracted milling 1 g of mango sample with 6 mL of distilled water in a cell homogenizer (Ultraturrax IKA model T25). Hexane (5 mL) was added and the mixture was vigorously stirred in a vortex for 1 min. The supernatant (hexane phase) containing the lipid fraction was collected and analyzed spectrophotometrically at 452 nm to determine the total carotenoids content, using hexane as blank. All analyses were carried out in triplicate.
Results and Discussion
Pulsed UV light pretreatment
Mangoes presented an initial moisture content of 84.2 ± 0.4 g water/100 g fresh fruit (wet basis). The moisture content of the samples decreased during the UV light pretreatment, reducing the initial moisture content by 4.3 to 15.9%. Figure 1 presents the water loss observed as a function of the energetic density that was applied. Overall, pulsed UV light pretreatment contributed to an initial reduction of the moisture content of the samples. Figure 2 presents the experimental drying kinetics of mangoes obtained with and without application of pulsed UV light. Drying kinetics of mangoes presented the typical behavior observed for other fruits [7] . Only the falling rate period was observed during the drying process. Drying was carried out until 95% of the initial moisture was removed, corresponding to a final moisture content of 0.08 ± 0.01 g water/g dry matter.
Air-drying experiments
The water apparent diffusivities in mangoes were calculated using Equation 1. The results are presented in Table 1 . The diffusion model used in this work was adequate for describing the drying kinetics of mangoes cubes under the different experimental conditions, presenting R 2 values between 0.986 to 0.995.
Despite the initial reduction in moisture content attained during the pretreatment, the pulsed UV light pretreatment did not reduce the air-drying time. In fact, the samples took between 2 and 16% more time to dry than the untreated sample. It must be stated that the required air-drying time to reduce 80% of the initial moisture content was statistically similar among the sample not subject to pretreatment and the samples pretreated with a total energetic density above 10.8 J/cm 2 . As such, if the main objective of the pretreatment is to reduce the air-drying time, the pulsed UV light pretreatment would not be a proper technology to achieve this goal.
Vitamins and carotenoids content
The drying process decreased the content of vitamins and total carotenoids in mangoes. The retention of vitamins and total carotenoids depended on the vitamin, the use or not of pulsed UV light pretreatment and the intensity of the pretreatment. Figure 3 presents the retention of vitamins and total carotenoids for non-pretreated mangoes subjected to air-drying. Total carotenoids content presented the lowest retention ratio (24.6 %), while vitamin B6 presented the highest retention ratio (97.7 %). The changes observed in Figure 3 represents the effect of heating in the vitamins and total carotenoid content.
Figure 3. Retention of vitamins and carotenoids in mangoes after air-drying without UV pretreatment.
The pulsed UV light pretreatment showed a positive effect on vitamins B1, B3 and B5 when up to 7.2 J/cm2 where applied to the samples. Under such conditions, the dried product would present between 10.0 to 28.8 % more vitamins B1, B3 and B5 than the untreated dried product. Above the 7.2 J/cm2 level, the effect of the pretreatment is statistical non-significant (at a 95% confidence level), due to a probable degradation of these vitamins by UV light.
Vitamin B1 (thiamin) is the most thermolabile among the B vitamins, so degradation due to thermal effect was expected [8] and was confirmed by the experimental data. The effect of pulsed UV light seemed to be mainly positive and a trend of higher retention of vitamin was observed. The high energy of the pulsed light treatment may have broken the bound of the phosphorylated vitamin, changing it to its free and bioavailable form, thus resulting in a slightly higher content of this vitamin in the treated dried product.
The retention of vitamins B3 and B5 followed a similar trend. As with vitamin B1, the energy delivered by pulsed UV light might have broken the bound between the vitamin and its bounds, releasing an amount of vitamin that otherwise would be unavailable. This is plausible because vitamins, nucleotides and coenzymes absorbs UV energy and could use this energy to break the chemical bond between vitamins and nucleotides, and vitamins and coenzymes. The energy absorbed from pulsed UV light causes physical damages to membranes and other structures due to the release of chemical and physical bonds in these structures [9] . Thus, the same energy that is responsible for bond breaking damage in microorganisms can be responsible for the bond breaking reactions that release the bonded vitamins and transform it in free and bioavailable vitamins.
The pulsed UV light pretreatment had a significant negative effect on vitamin B6. The retention of vitamin B6 that was at 97.7 % for the dried untreated mango, dropped to retentions levels between 48 to 61 %. This vitamin is considered light-sensitive. As such, both UV light and visible light released by the pulses have degraded this vitamin resulting in a significant reduction in its content when the UV pretreatment was applied.
The UV pretreatment did not change significantly the amount of vitamin C in the dried product. The pretreatment was only statistically different (at a 95% level of confidence) when a fluence of 12 J/cm 2 was applied. Under this condition, the amount of vitamin C was 28.6 % higher than the untreated sample. Vitamin C is considered a light sensitive vitamin that present high UV light absorbance in the germicidal range (215 to 260 nm) but does not absorb significant light above 300 nm. The equipment used in our experiments releases light in a spectrum between 310 and 400 nm, thus it has not affected the vitamin C content of the mangoes samples.
The UV pretreatment increased the total carotenoids when a fluence up to 12 J/cm 2 was applied. Overexposure to high intensity UV light tended to degrade the carotenoids. The increase in the total carotenoid content can be attributed to an alteration of the carotenoidbinding protein with a consequent increase in availability of free carotenoids, which has been reported previously for mango juice subjected to UV light treatment [10] .
Conclusions
Pulsed UV light decreased the initial moisture content of the mangoes samples but did not increase the effective water diffusion of mangoes nor reduced its drying time. The application of pulsed UV light increased the availability of vitamins B1, B3, and B5, vitamin C and carotenoids in the dried product. The light sensible vitamin B6 degraded significantly when compared to the untreated dried mango samples. Overexposure to pulsed UV light (dosages greater than 15 J/cm 2 ) degraded all vitamins and carotenoids, thus the UV dosage must be carefully optimized. Pulsed UV light can be a potential pretreatment for drying fruits given its simplicity, rapid application and because it confers better nutritional quality to dried mangoes.
